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We investigate transport properties through a crossbar-shaped structure formed by a quantum
dot (QD) coupled to two normal leads and embedded between two one-dimensional topological
superconductors (TSCs). Each TSC hosts Majorana bound states (MBSs) at its ends, which can
interact between them with an effective coupling strength. We find a signature of bound states
in continuum (BIC) in the MBSs spectral function. By allowing finite inter MBSs coupling, BICs
splitting is observed and shows projection in transmission for asymmetric coupling case as cuasi-
BICs. As a consequence, we also show that the Fano effect, arising from interference phenomena
between MBSs hybridization trough QD, is observed with a half-integer amplitude modulation. We
believe our findings can help to better understand the properties of MBSs and their interplay with
QDs.
I. INTRODUCTION
The possible realization of exotic quasiparticles like
anyons in solid state systems, as bound states with zero
energy satisfying non-Abelian statistics, have been at-
tracting attention due to their promising applications in
quantum computing. One of them was first predicted
by E. Majorana [1], which has as a principal feature
to be its own antiparticle. In the last decade, Majo-
rana fermions (MFs) have become a hot topic in con-
densed matter physics [2–4] and quantum computation
[5–12], since they can be manipulated with braiding op-
erations [11], allowing to perform fault-tolerant quan-
tum gates [5, 8, 10, 12–14]. A qubit built with this
exotic quasiparticles is topologically protected when lo-
calized MFs, Majorana bound states (MBSs), are spa-
tially separated. i.e., unpaired. Among other systems,
MBSs are predicted to be found at the ends of a topo-
logical one-dimensional semiconductor-superconductor
nanowire with strong spin-orbit interaction in the pres-
ence of a magnetic field, namely topological supercon-
ductor (TSC) [15]. This system can be seen as an im-
plementation of a Kitaev chain [8], in which the coupling
between the two MBSs is expected to decay exponen-
tially with wire length [12], protecting the qubit from
decoherence by local perturbations [4, 8, 11, 12, 16, 17].
One of the main challenges is pointing out to detec-
tion of the existence of MBSs, as well as their charac-
terization. Many systems have been proposed through
the literature [18–31], and several experiments have been
carried out based on zero-bias anomalies in transport
properties through source/drain leads [32–37], but not
all of these anomalies are evidence of MBS. For instance,
at zero energy and low-temperature other phenomenol-
ogy could take place, as Kondo effect [38, 39] and An-
dreev bound states, where the latter is due to the electron
and hole scattering at the normal-superconductor inter-
face [40]. Quantum dots (QDs) have shown to have rich
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interference phenomena to exploit when multiple QDs
structures are considered. These structures [41–44] show
the two most important aspects that make them a useful
candidate to build nanodevices. In the first place, the
possibility to tune a large number of parameters present
the system, and the second one, a rich quantum interfer-
ence mechanisms due to the interaction between the dif-
ferent discretized QDs energy levels, e.g. the Fano effect
[45, 46]. These two main aspects will give rise to far more
complex quantum transport patterns in hybrid multiple
QDs-TSCs structures, making them good candidates to
establish MBSs properties in the system [44, 47–50]. In
non-interacting QD-leads systems with a side coupled
QD, an special signature of the presence of MBSs was
established by Liu and Baranger, which is a half-integer
conductance at zero energy [51]. Later, Vernek et al. [47]
have shown that this zero-bias anomaly is due to MBS
leaking into the QD and it is robustly pinned against
changes in QD energy level, being recently verified [52].
On the other hand, new properties are present in quan-
tum interference systems, for instance, some states do not
decay even if their energy levels are within the range of
the continuum states [53], the so-called bound states in
the continuum (BICs). The BICs were predicted by von
Neumann and Wigner in the dawn of the quantum me-
chanics [54]. Recently, the interest in the investigation
regarding BICs due to the observation of this kind of
states in photonic systems. Since interference phenom-
ena take place in electronic systems in analogy with the
photonic ones, the inherent possibility of the presence of
BICs emerges [55, 56]. In QDs-MBSs systems, a theoret-
ical encryption device based on BICs [57] and Majorana
qubit readout technology [58] has been proposed.
In a previous work, we proposed a combined system of
multiple-QDs and MBSs, which is capable of veil/unveil
BICs due to the interaction with MBSs [59]. Using tun-
able gate voltages [60] the topological properties of the
MBSs can be manipulated allowing them to protect the
information stored in the BIC. In the present work, we
study a system form by a single-QD embedded between
current leads and connected to TSCs hosting MBSs at
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2its ends, finding interesting features in this simplified
system. We focus on QD density of states and MBSs
spectral function calculated through Green’s functions
to identify signatures in transmission probability, with
respect to the QD-MBSs coupling. Our results show
that the energy localization of BICs and their widths can
be controlled by tuning the inter-MBSs coupling in each
TSC for the case with QD energy level aligned with Fermi
energy. By setting the QD energy level above/below
Fermi energy, the leaking of the BICs into the trans-
mission leads to an amplitude modified Fano effect. We
believe our findings could be useful to give a further char-
acterization of MBSs in interplay with a QD.
This paper is organized by presenting the model and
the corresponding Hamiltonian with the method consid-
ered to obtain quantities of interest in Section II; Section
III shows the results and the corresponding discussion,
and finally, the concluding remarks are presented in Sec-
tion IV.
II. MODEL
𝜂1
𝑢
𝜂2
𝑢
𝜂2
𝑑
𝜂1
𝑑
𝜖𝑀
𝑑
𝜖𝑀
𝑢
𝑡𝐿
𝜆𝑑
𝜆𝑢
𝑡𝑅
𝐿
𝑅
QD
FIG. 1. Model setup: Crossbar-shaped TSC-QD-TSC system.
QD (blue) coupled to two normal leads (solid gray), and two
TSCs (gray tones) u and d, each hosting two MBSs (light
blue), ηu(d)
1
and ηu(d)
2
.
We consider a crossbar-shaped structure form by a QD,
two normal leads and two TSCs hosting MBSs at its ends.
The system is such as the QD is connected with both
leads, labeled as L and R, and with both side-coupled
TSCs, as we show schematically in Fig. 1. We model the
system with an effective low-energy Hamiltonian in the
following form,
H = Hleads +Hdot +Hdot-leads +Hdot-M +HM , (1)
where the first three terms on the right-hand side corre-
spond to normal leads, the QD and the connection be-
tween them, respectively. These are given by
Hleads =
∑
α,k
εα,kc
†
α,kcα,k , (2)
Hdot = εdd
†d, (3)
Hdot-leads =
∑
α,k
tαd
†cα,k + h.c. , (4)
where c†α,k(cα,k) is the electron creation (annihilation)
operator with momentum k and energy εα,k in the lead
α = L,R. d†(d) is electron creation (annihilation) op-
erator in the QD, with single energy level εd. tα is the
k-independent dot-lead tunneling coupling.
The last two terms in Eq. (1) correspond to MBSs and
their couplings with the QD, respectively. They are given
by
Hdot-M =
(
λdd− λ∗dd†
)
ηd1 +
(
λud− λ∗ud†
)
ηu1 , (5)
HM = i
d
M
ηd1η
d
2 + i
u
M
ηu1 η
u
2 , (6)
where η
d(u)
β denotes the MBS operator, which satisfies
both η
d(u)
β =
[
η
d(u)
β
]†
and
{
η
d(u)
β , η
d(u)
β′
}
= δβ,β′ with
β = 1, 2. Besides, λd(u) is the tunneling coupling be-
tween η
d(u)
1 and the QD, and 
d(u)
M ∝ exp(−Ld(u)/ζ) is the
coupling strength between two MBS in the same TSC,
with length Ld(u), being ζ the superconducting coher-
ence length.
A useful way to treat the system analytically is by
writing each MBS as a superposition of regular fermionic
operators as follows,
η
d(u)
1 =
1√
2
(
fd(u) + f
†
d(u)
)
, (7a)
η
d(u)
2 = −
i√
2
(
fd(u) − f†d(u)
)
, (7b)
which satisfy the following anti-commutation relations
{fν , fν} =
{
f†ν , f
†
ν
}
= 0 and
{
fν , f
†
ν
}
= 1 (ν = u, d).
In addition, without loss of generality, we fixed λd = λ
∗
d
and λu = |λu| exp(iθ/2), where θ represents the phase
difference between the two TSCs. According to this, Eqs.
(5) and (6) transform to
Hdot-M =
|λd|√
2
(
d− d†) (fd + f†d)
+
|λu|√
2
(
eiθ/2d− e−iθ/2d†
) (
fu + f
†
u
)
, (8)
HM = 
d
M
f†dfd + 
u
M
f†ufu . (9)
The leads contribution is included as a self-energy
Σ
e(h)
α (ε) for electrons(holes). In the wide-band limit ap-
proximation it is energy-independent, such that Σ
e(h)
α ≡
−iΓe(h)α , and fulfills electron hole symmetry, hence Γeα =
Γhα ≡ Γα. We consider symmetric QD-leads coupling
Γα ≡ Γ/2, so ΓL+ΓR = Γ. In this scenario, the retarded
3Green’s function of the system adopt the matrix form[
GR
]−1
=
gu
M
(ε)−1 0 |λu|√
2
ei
θ
2 − |λu|√
2
e−i
θ
2 0 0
0 g˜u
M
(ε)−1 |λu|√
2
ei
θ
2 − |λu|√
2
e−i
θ
2 0 0
|λu|√
2
e−i
θ
2
|λu|√
2
e−i
θ
2 gd(ε)
−1 0 |λd|√
2
|λd|√
2
− |λu|√
2
ei
θ
2 − |λu|√
2
ei
θ
2 0 g˜d(ε)
−1 −|λd|√
2
−|λd|√
2
0 0
|λd|√
2
−|λd|√
2
gd
M
(ε)−1 0
0 0
|λd|√
2
−|λd|√
2
0 g˜d
M
(ε)−1

,
(10)
where the diagonal matrix elements are given by
gd(ε)
−1 = ε− εd + iΓ, (11)
g˜d(ε)
−1 = ε+ εd + iΓ, (12)
gu(d)
M
(ε)−1 = ε− u(d)
M
+ i0+, (13)
g˜u(d)
M
(ε)−1 = ε+ u(d)
M
+ i0+, (14)
being 0+ an infinitesimal positive number. The trans-
mission probability for our symmetric leads coupling can
be written out as
T (ε) = −Γ Im [GRd (ε)] , (15)
where GRd is the QD retarded Green function. Similarly,
the local density of states (LDOS) for the QD can be also
expressed in terms of GRd as
LDOSd(ε) = − 1
pi
Im
[
GRd (ε)
]
, (16)
and the spectral function for MBSs is given by
Aνβ(ε) = −2 Im
[
GRβ,ν(ε)
]
, (17)
where ν = u, d.
The Green’s function element for the QD present in
Eqs. (15) and (16), is obtained analytically using the
equation of motion (EOM) procedure. Then, in the en-
ergy domain, is given by
[
GRd (ε)
]−1
= ε− εd + iΓ− λ2(Kd(ε) +Ku(ε)) (18)
− λ4
(
K2d(ε) +K
2
u(ε) + 2 cos(θ)Kd(ε)Ku(ε)
ε+ εd + iΓ− λ2(Kd(ε) +Ku(ε))
)
,
where we have considered symmetric MBS-QD couplings
(|λu(d)| = λ) and
Kν(ε) =
ε(
ε+ ν
M
) (
ε− ν
M
) . (19)
On the other hand, the full Green’s function poles are
closely related with the eigenvalues of the isolated Hamil-
tonian (disconnected from leads) and give reliable infor-
mation about energy localization of the states. As we
consider |λu(d)| = λ, for εd = 0, the system eigenvalues
are given by
ε±0 = 0 , (20)
2(ε±1 )
2 = (u
M
)2 + (d
M
)2 + 4λ2
−
√[
(u
M
)2 − (d
M
)2
]2
+ 8λ4(1 + cos(θ)) , (21)
2(ε±2 )
2 = (u
M
)2 + (d
M
)2 + 4λ2
+
√[
(u
M
)2 − (d
M
)2
]2
+ 8λ4(1 + cos(θ)) , (22)
where ε±0 has doubly degeneracy.
III. RESULTS
The following results are performed at temperature
T = 0, and we adopt the energy parameter Γ as energy
unit throughout the manuscript.
A. Without phase difference, θ = 0
First we consider the case with both TSCs wire lengths
to be long enough to have vanishing coupling between
ηu(d)
1
and ηu(d)
2
, i. e. u(d)
M
= 0. Figure 2 shows LDOS for
the QD, and spectral function for the MBSs ηd1 and η
u
1 .
The LDOS (solid blue line) satisfies T (ε) ∝ LDOS(ε)
according to Eqs. (15) and (16), and displays a half-
maximum value at zero-energy, this being a MBS sig-
nature as it was proved by Liu & and Baranger [51].
The spectral function for MBSs coupled to the QD, ηu
1
and ηd
1
(red solid and green dashed lines, respectively),
are strictly equivalent, both showing two symmetric wide
resonances, placed at energy ε = ±ε2, due to the hy-
bridization of the MBSs with the QD. Also, narrow peaks
are observed pinned at zero-energy in the MBSs spectral
function, as expected from vanishing inter MBSs cou-
pling. The leakage of the latter states into QD is the
responsibility of the Majorana behavior in transmission
[47], and in this case, as both TSCs have the same phase,
they behave as an effective single TSC.
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FIG. 2. Local density of states LDOS for QD (blue solid line)
and spectral functions for MBSs ηu1 (red solid line) and η
d
1
(green dashed line) as function of the energy. The first is
proportional to T (ε) as shown in the inset. Here εd = 
u(d)
M
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FIG. 3. Transmission T (ε) through the QD (a) and spectral
function A(ε) for MBSs ηu
M
and ηd
M
(b) as function of energy.
In both panels blue lines are for d
M
= 0.035 Γ and u
M
=
0.025 Γ; red lines for d(u)
M
= 0.065 Γ; and green lines for d
M
=
0.125 Γ and u
M
= 0.075 Γ. In panel (b) solid and dashed lines
correspond to MBSs ηu1 and η
d
1 , respectively. Here εd = 0.
Figure 3 displays the transmission probability and the
spectral function of the MBSs closely placed to the QD,
where the coupling strength between ηu(d)
1
and ηu(d)
2
is
included, by allowing u(d)
M
6= 0. As we fixed small val-
ues of u(d)
M
as compared to λu(d); we focus on an energy
region where this takes place. For the set of u(d)
M
val-
ues used in Fig. 3, Eq. (21) takes the following values:
±0.03 Γ, ±0.065 Γ and ±0.103 Γ, which are precisely the
position of the peaks appearing in Fig. 3(b). It is worth
to mention that these peaks have a projection on the
transmission probability showed in Fig. 3(a) as sharp res-
onances, corresponding to quasi-BICs. They are located
at the same energies mentioned above, except for the case
with d
M
= u
M
6= 0 (red lines), since these states become
BICs. In this case, both peaks in the spectral function
are strictly equivalent and since there is no phase differ-
ence, they interfere destructively and cancel each other.
Then, both the transmission and the conductance do not
have any signature of the BICs presence. This particular
behavior allows us to assume that the width of the central
peak (placed around ε = 0) is a function that depends
on the sum of u
M
and d
M
, while the width of the lateral
peaks, given by Eq. (21), depends on the difference. It
is supported by the fact that lateral peaks vanish when
u
M
= d
M
, while the central peak remains. The symmetric
side peaks observed in spectral function displayed on Fig.
3, have very subtle widths. Then, it follows that these
could constitute bound states in the continuum. Follow-
ing this, the transmission and spectral function in the
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FIG. 4. [(a) and (c)] Half-height width of the central peak as
function
(
u
M
)2
+
(
d
M
)2
and [(b) and (d)] for lateral peaks of
Fig. 3(a) as function
(
u
M
)2 − (d
M
)2
for the same parameters
of Fig. 3. As expected the slope in the four panels is linear
with Γ.
TSC can be written approximately as
T (ε) ' (23)
1
2
(
1 +
γ2c
ε2 + γ2c
+
γ2l,+
(ε− ε+l )2 + γ2l,+
+
γ2l,−
(ε− ε−l )2 + γ2l,−
)
,
A(ε) ' γl,+
(ε− ε+l )2 + γ2l,+
+
γl,−
(ε− ε−l )2 + γ2l,−
, (24)
where γc and γl,+(−) are the widths of the central and
side peak located at the right(left), respectively, being
ε±l '
√(
u
M
)2 ± (d
M
)2
2
(25)
the peaks energy localization in the limit of weak inter
MBSs coupling
(
u(d)
M
)2
/λ2  1. Central resonance sat-
isfies γ2c ∝
(
u
M
)2
+
(
d
M
)2
. On the other hand, setting
u(d)
M
= 
M
+ (−)∆ and considering ∆  
M
, we obtain
|εl| ∼ M (1 − ∆2/2M ), then γl ∼ ∆. Therefore, in the
case with ∆ = 0, i. e. u
M
= d
M
, we have γl = 0, thus the
contribution from these states to the transmission van-
ishes, appearing as δ-Dirac in the MBS spectral function.
Accordingly, these states are essentially BICs. Besides,
Fig. 4 shows the peak width as a function of the param-
eter ξ±, defined as 4λ2ξ± = (uM )
2 ± (d
M
)2, for central
and lateral peaks in panels (a) and (b). We can observe
that both peaks fulfill a linear dependence, the central
one with ξ
+
and the laterals with ξ− , verifying our ex-
pectation. For small values of ξ− it can be approximated
to ∆.
5Furthermore, the signatures of the quasi-BICs in the
transmission showed in Fig. 3, evolve to a different shape
when the QD energy level is out of resonance (εd 6= 0).
Using a fixed εd = 0.75 Γ, in Fig. 5 we plot the trans-
mission probability and spectral function for the MBSs
η
u(d)
1 as function of energy. In Fig. 5(b) the BICs appear
at energies described by Eq. (25). They still have a pro-
jection on the transmission as Fano-like shapes centered
at the same energies, as we show in Fig. 5(a). But in
contrast with Fig. 3, their amplitudes are modulated due
to the occupancy in the QD, while the central peak also
becomes a broad Fano line-shape. To characterize each
Fano resonance in transmission due to the projection of
BICs, we include its fitting with a modified general Fano
line-shape expression, given by
F (ε) = a
|qΓeff/2 + ε− εf |2
(Γeff/2)
2
+ (ε− εf )2
. (26)
Here q is the Fano factor (q = q
r
+ iq
i
) and a is the Fano-
Majorana amplitude parameter. The values used for the
parameters of these fits in Fig. 5 are given in Table I.
Note that a has an approximated value of 1/2 and that
if u
M
= d
M
, again, we obtain BICs since the spectral
function shows two Dirac-δ functions.
F (ε) qr qi εf Γeff a
I 0.4425 0.990 −0.1030 0.003650 0.5004
II 0.4619 1.016 −0.0304 0.000152 0.5012
III 0.4845 1.041 +0.0304 0.000152 0.4978
IV 0.5174 1.086 +0.1031 0.003581 0.4849
TABLE I. Parameters used by Eq. (26) and shown as black
crosses of Fig. 5. All energies are in units of Γ.
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FIG. 5. Transmission T (a) and MBSs spectral function (b)
for fixed εd = 0.75 Γ as function of energy. In both TSCs,
the MBSs have non-vanishing coupling, i.e. u(d)
M
6= 0. Black
crosses corresponds to the Fano-Majorana fitting given by Eq.
(26), which parameters are shown in Table I.
When u
M
= d
M
= 0 and θ = 0, Eqs. (20) and (21)
take values 0 (multiplicity 4) and Eq. (22) takes the val-
ues ±2λ = Γ (multiplicity 2). In Fig. 6(a) we can see
these eigenvalues represented as a 1/2 transmission peak
at zero-energy, regardless ε
d
. Besides, when ε
d
= 0 and
for energies around and greater than ε = Γ, the trans-
mission probability takes its maximum value. This effect
appears in all panels of Fig. 6 and it is independent of
the values of u(d)
M
. In Fig. 6(b) the Majorana coupling
in each TSC takes the values u
M
= 0 and d
M
= 0.3 Γ,
when the QD is in resonance (ε
d
= 0) two sharp peaks
appear at an approximated energy ±0.21 Γ given by Eqs.
(21) and (22). Both peaks reach a maximum value of
transmission near unity. As the QD is taken out of res-
onance (ε
d
6= 0), these peaks evolve to a half-maximum
value located at ε = ±d
M
= ±0.3 Γ. The zero-energy 1/2
peak evolves in the same way as Fig. 6(a) due to that
one of the TSC still have vanishing inter-MBSs coupling
u
M
= 0. This constitutes a proof that splitted MBSs are
also leaking into the QD. Now we allow u
M
to take values
different from zero but rather small as compare to others
parameters. We can see in Fig. 6(c) how the central peak
takes values near unity for ε
d
= 0, and the off-resonance
(εd 6= 0) peaks split quickly into two, located at energies
T
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FIG. 6. Transmission T (ε) contour plot of the single QD
system as a function of the energy ε and QD level ε0 . Panel
(a) u
M
= d
M
= 0. Panel (b) u
M
= 0 and d
M
= 0.3 Γ. Panel
(c) u
M
= 0.03 Γ and d
M
= 0.3 Γ. Panel (d) u
M
= 0.1 Γ and
d
M
= 0.3 Γ. Panel (e) u
M
= 0.2 Γ and d
M
= 0.3 Γ. Panel (f)
u
M
= 0.3 Γ and d
M
= 0.3 Γ.
6ε = ±u
M
= ±0.03 Γ. As the value of u
M
increases [Fig.
6(d)], the central peaks at ε = 0 and ε
d
= 0 become
wider and the two new off-resonance peaks shift to en-
ergies ε = ±u
M
= ±0.1 Γ. Figure 6(e) shows the same
behavior as Fig. 6(d): note how the central peak spreads
out while the lateral ones shrink. Finally, in Fig. 6(f)
both TSCs have equal MBSs coupling u
M
= d
M
and the
lateral peaks fall to 1/2 transmission.
B. With phase difference, θ 6= 0
In this subsection, we consider the case with a gen-
eral phase difference between both TSCs, to study the
robustness of the above results. In Fig. 7 we display the
transmission through QD for different pairs of d
M
and u
M
for four fixed small (θ << 1) phase difference.
For the case u(d)
M
= 0 (blue line and crosses) a destruc-
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FIG. 7. Transmission T as function of the energy for different
combination of the inter-MBSs couplings u
M
and d
M
. Differ-
ent panels are displayed for small values of the phase angle:
(a) θ = 0; (b) θ = pi/120, (c) θ = pi/60 and (d) θ = pi/30.
tive interference between both leaked MBSs into QD is
observed whenever θ 6= 0, obtaining a vanishing trans-
mission at zero-energy. A similar effect occurs when
both inter-Majorana couplings are equal but nonzero,
u
M
= d
M
= 
M
6= 0 (black lines), but in this case the van-
ishing transmissions are pinned at the values ±
M
. Fur-
thermore, a maximum transmission is always obtained at
ε = εd = 0, independent of the phase difference. Then,
the resonant state due to QD is entirely uncovered by
MBSs phenomenology. It is worth to mention that the
sharp anti-resonances obtained for both cases discussed
above are symmetrical, and therefore each of them can
be characterized through Fano line shape with imaginary
q values.
We consider inter-MBSs couplings such as u
M
= 0
and d
M
6= 0 (red lines) a half-maximum transmission
is obtained at zero-energy regardless the phase differ-
ence, while sharp resonant states are pinned around en-
ergies ε = ±d
M
. These states correspond to quasi-
BICs projected into the transmission. For the case with
u
M
6= d
M
6= 0 (green lines), a maximum transmission
is obtained at zero-energy regardless the phase differ-
ence, same as black lines. However, each sharp lateral
resonances shown for θ = 0, evolves to an amplitude
decreased resonance, and then to a non-vanishing anti-
resonances as θ is moving away from 0. It is interesting
to note that both resonances and/or anti-resonances are
symmetrical regardless θ, which are associated to pre-
dominant imaginary q values (qr << 1) for the Fano fac-
tor, as was mentioned above. In this scenario, we present
a qualitative and analytic expression to characterize the
behavior of the transmission, as a superposition of both
Fano and Breit-Wigner line shapes,
T (ε) ∼ (27)
1
2
[
cos2[φ(θ)] +
1
q2i + 1
[(|ε| − εf ) /Γf ]2 + q2i
[(|ε| − εf ) /Γf ]2 + 1 +
Γ20
ε2 + Γ20
]
,
where φ(θ) is a function of the phase difference θ, Γf is
the width of the lateral anti-resonances (resonances),Γ0
is the width of the central resonance and the imaginary
Fano factor is such as qi ∝
(∣∣d
M
− u
M
∣∣ /Γ) cot [φ(θ)]. For
instance, for a specific case, Fig. 8 displays a comparison
−0.03 −0.02 −0.01 0 0.01 0.02 0.03
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θ = pi/30
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= 0.015Γ and 0d
M
= 0.025Γ
 
 
Exact result
Fit
FIG. 8. Transmission T as function of the energy. Here
u
M
= 0.015Γ and d
M
= 0.025Γ and θ = pi/30. Solid lines
corresponds to the exact result and crosses to the fit.
7between the exact result and the fitting using Eq. (27).
The equivalence is remarkable, and then it is clear that
Eq. (27) describes the transmission behavior regarding
the TSCs phase difference properly.
IV. SUMMARY
We have studied the transmission across a QD coupled
with two TSCs, embedded between two normal leads,
used as a probe of MBSs interactions. For the case with-
out phase difference (θ = 0), our results showed that the
BICs projection in transmission arising from MBSs can
be controlled by tuning the inter-MBSs coupling, as well
as the modified Fano effect in the system, can be seen
as a way to provide additional characterization. A pos-
sible application of the proposed setup can be achieved
when the QD is far off resonance, in this case, the non-
vanishing transmission is pinned around the inter-MBSs
energies ±u(d)
M
, as shown in Fig. 6. Then, the system
can be considered to implement a calibrating device, al-
lowing further characterization of TSCs hosting MBSs,
used in the system proposed by the authors in [59]. If
the energies ±u(d)
M
are known, it is possible to determine
the suitable manipulation of gate voltages, proposed in
[60], to readout the protected information stored in the
BIC.
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